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FIG, 2: Profile HPLC di Arg-Gly-D-Asp 
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TRIPEPTIDES AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM 



This invention relates to tripeptides exhibiting interesting pharmacological 
properties, as well as to processes for their preparation and pharmaceutical 
compositions containing them. 

It is known that the interaction between tumour cells and the 
extra- cellular matrix caused or promoted by fibronectin, is inhibited by 
intravenous administration of [ the synthetic pentapeptide 
Gly-Arg-Gly-Asp-Ser. The sequence for this peptide is the same as that 
of the cell-binding site of fibronectin (Humphries M.J. et al, 5cience 
233:467, 1986). Ruoslahti and Pierschbacher (Cell 44:517, 1986) have 
suggested that the biological activity of this pentapeptide could be 
attributed to the tripeptide sequence Arg-Gly-Asp in the peptide but they 
had not tested the activity of the latter. Lam et al (J. Biol. Chem. 
262:947, 1987) have instead shown that Arg-Gly-Asp is able to bind to 
some platelet surface glycoproteins, thus suggesting a possible biological 
action of this tripeptide as an inhibitor of platelet adhesion reactions. 

An immunostimulating behaviour has been ascribed to the tripeptides: 
Arg-Lys-Glu (U.S. Patent Application No. 035.045 of April 6, 1987); 
Arg-Ala-Arg (U.S. Patent Application No. 035.044W of April 6, 1987); and 
Arg-Lys-Asp (European Patent Application No. 67425 of December 22, 
1982). 

We have now synthesized some tripeptides belonging to the general formula 
X-Gly-Y, where X is L-Arg or D-Arg and Y is L-Asp or D-Asp and have 
found that they exhibit interesting pharmacological activity. 
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Thus, in accordance with one aspect the invention provides a tripeptide of 
general formula: 

X - Gly - Y 

Cwhere X ,s L-Arg or D-Arg, and Y is UAsp or D-Asp) and saits thereof 
with organic or inorganic acids. 

In tests which we have carried out, the results have shown the efficacy of 
the tr.peptides of the invention as antimetastatic agents. We have also 
found that the peptides surprisingly and unexpectedly exhibit a marked 
.mmunostimuteing activity. The immunostimuUting effect has been 
observed in_vitro in experimental murine as well as in human mode!s, and 
cons,sts both in a maturation cf immature T-Iymphocytes and in an 
enhancement of T-cell function. 

Moreover, we have found that the tripeptides of the present invention show 
stability in simulated gastric juice. Since it has been observed in the case 
of the peptides Arg-Lys-Glu and Arg-Ala-Arg that their stability in a 
simulated gastric environment is coupled with activity after oral 

.administration to animals, we believe that it is possible to attribute to the 
tripeptides of the present invention an immunostimuiating activity after 
oral, as well as parenteral, administration. This represents a remarkable 

advantage in their therapeutic use, particularly for children and other 

patients who do not tolerate parenteral administration, and also in view of 

the likelihood of better patient compliance. 

Thus, the tripeptides according to the invention may be very useful in the 
prevention of metastases in neoplastic patients after surgical removal of a 
tumour, as well as for the simultaneous stimulation of the immune system 
The later effect may be very important in the post-operative treatment of 
neoplastic patients since their immune system may be depressed by both 
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radio/chemotherapeutic treatments and the operation it,.., k 
^tors being notoriously l^n^^ 

these drugs to be administered by an oral rout, r ^ ° f 

* — Patients, another undo J« ^ "» ^ 

It will be appreciated that salts nf n« ,. • 

The invention also relates to the synthesis and th P k • 
biological characteristics of the TtT T " ^ " 

general formula X-Gly-Y, where X I L a n * ^ * ^ 
D-Asp. ' X Is L-Arg or D-Arg and Y is |_-A S p or 



The compounds accordina to thp ;„ uan L. 

convention,! to the art fo s L h P " P " r8d by meth °* 

ne arc ror synthesising peptides Simii=,.i„ u 

is prepared as a sa lt thereof it m 1 5lrnil3r ^ when a peptide 

-cording to t a ZZ I " ****** ' 

-ocietion wi h 'I " 3 ******* -"P'^'e sait thereof in 

«»"y lo cne invention are oreferahl*/ ;r> * 
Parenteral administration. " f ° r ° raI » 

As indicated above, the compounds accordinq to tU. • 
charactered h«i,,' . ^<-°roing to the invention are 



immunostimulating activity (shown by in vitro tests of murine spleen 
lymphocyte maturation (Thy 1.2 membrane marker induction), and in assays 
for the activation of human mature lymphocyte function (growth factor 
production, DNA and RNA synthesis after mitogenic stimulus, increase of 
mitoses)). 

The products of the present invention are especially useful, thanks to their 
unique combination of antimetastatic and immunostimulating activities, as 
drugs in patients undergoing surgical tumour removal, in order to prevent 
metastasis formation, while at the same time helping to improve their 
immune status. 

The following non-limiting Examples serve to illustrate the invention. In 
the Examples the following abbreviations are used: 

Arg = L-arginine 

Gly = glycine 

Asp = L-aspartic acid 

Asx s L-aspartic acid, D-aspartic acid or asparagine 

D-Asp = D-aspartic acid 

Boc = butyloxycarbonyi 

= substitution on the guanoisine nitrogen of Arg, 

EXAMPLE I 

Synthesis of L-Ar qinyl-qlvcvl-L-asoartie arid 

t-Butvloxvcarbonyl-qlvcvl-L-as Dartic acid riih enz yl ester 

t-Butyloxycarbonyl-glycine (7.1 g) was dissolved in ethyl acetate (50 ml), 
cooled to -10 to -15o C with stirring and tr e ate d with N-methylmorpholine 
(5.6 ml) followed by isobutyl chloroformate (5.18 ml). The mixture was 
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1. 



Strredat -^Cfo rl o minute , M 

P-h-yhU aa„ (20.1 g) was dj d e ' L ; aSpartta «M nlbanzy, es ter 

» "t,on wa s addad t0 the above ^ N - C5. S ml) . This 

Sonata, walar , 5% ^ by « % ^ 

;; aP ° rated <° « on. Yie,d: 20 . Th „ 7^ Sl " Phate > «™ 
mathanol: * -c 

Tn a product f rom lh „ 
"The residue was re ev 

r 4 * 9 wn, ~^^ t ti.r then dr,ad ^- ^ 

^pNi,,^. Mean ^ ; n rlb neu T ed by treat,n9 

^ •> wa, convertad to a m d ^'^^.L.^ 
'"-hydrofuron (1 00 ml) , cooling ™° ' •*»** °X «aso,v ing in 
N-math ylm o rphonne (5 . s m ^ to B^C and treating with 

- — to tna action of tha mi ed ^" ° *» n «~"»« «Pap«de 

for 3 h °- — * roorc: r D and the mM ™ — 

P racure. Durmg the course of the 



*-» and the re , due diluted with eth ;: c - — reduced 

TWS SOlution w«hed with Mtur . ted „„ 

•»** a wwte MI id Pr eo 1Pitated . c ,*r;r um ° h,oride ' ^ 

■«M aceute and dried to „ ' t h ° ff ' WaShBd «<«• 

^ * omatography ( Sys J: l P r l eC WPePUde - Yie " !25 »- 

=h I o raform:methanoI(98: Pur,f,e d by di 

«" 5). The oo, Umn was eiu ted wlT™ 3 """^ "'^ ^ 
™hano, in chioroform t0 give T" e ' V inCrMSin9 ~ " 



3. 



^^^^^^^^^ 



•*» over palIadium 0 „ *° ~ T" (60:2 °*°. W mi, for 72 

as shown h y TLC. The c atalyst w t iut d „ W * 
«*r re d uce d pressure and ^ ^ " f"* «» "ethane, eva P orat. d 
a white P ow de , YieIdi 3 ^£* M ** m *« * ** *. tri P e P ti d e as 
chromatography ( System ; ! Pr ° dUCt WaS "^ogeneo^ by thin ]ayer 

n-butanol-acstin «.u. . ' ' lsopro Pahpl:arnmoni a , l.i. „ 
' CaC,dlwater Widine, 60:12:40.-48). ' 



1. 



Synthesis nfl.-arQlnvl.n i..-. D „„„ .. 

Preuaratinn „> o nr . , 

—f- Ba2 ia^lParticj £ id^^ 



Chloromethylated polystyrene rt*- „ ,. 

^ a roun d . bottom nL ^l"^ **** ™*> - 

°" en d ' m «^,for mamida ( approxima[ely 



8-10 ml per gram of • 

«*» 0 mm„,e per gram of resin) ™ *" h f-^yl-D-aspartic 

p- of re*,, the 1 l e ?T aKiUm f,uoridB 8 m ™<* 

condenser and heated under ^ n ' ««™ - 

solvent has distilled. The vj"' " ^ ' 5 - 10 ° f *• 

»-*»-C for 1W8 hours. ~ "* »» heated t0 

*ch, oro „„ethane and methanol, and tnen „ *" ^ <™«. =»™o,, 

(as » 9 a in) : , 6 ir;;;;:: r vacuum ' Substitutton 

2 * Synthesis pm^m) 

A quantity of 17.6 grams of Boc . fi . 

P^ced in a glass reaction vessel eoL " Zyl " D - 8,partle ac *-resin was 

fc 7 ated Se "y at anient temp e rat ;^; , t :l , ° n - The ™» 
solvents or reagent: (20-25°C) with the following . 



a. 

b. 

c. 

d. 

e. 

f. 



methylene chloride 

50% t Hf,uor=ace ti c acld .. metnyJenechlorid v 

50 * """■"•"•tie acid^ethy.ene chloride fo 2, • 
methylene chloride 0 ti mes ) 25 m,nu£es - 

isoprop a nol 

2::~ eim ^----wvu t wioe) 



9- methylene chloride 



h. 



methanol (twice) 
methylene chloride (twice) 



A contact timn of 7 c 

*™^X»^z? a,,owed ,or each tr ~- 

resin was used ;„ each st(Jp _ Ven ' ° r raa 9 ent -=olvent mixture per gram 0 f 
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■« a solution of Boc - 9iyd - ° ~ 

minimum of M houre • he rea « =" bn. for coupling was . 

PW** was futered 1 ? K - ° Vern ' 9 (1S " 18 ^ Th * 

recoupled using hM the amount Qf ^J*** Sa ™ a ™° «U was 
T h6 cycle „ as repea[ed 

«im=th y lform am ide). °c-N9. tosyl . L _ argjn . ne ( . n 

-s.n peptide waswashed ^ ro ™^ 0f the ^'-minal Boc- g ro up , the 

VioM * • tnoroughly and dried under vacuum 

Yield of resin - pepitide : 20.2 g. 

with di,ute ' ~ 

Yield of crude peptide : 3.9 g. 



3. 



Ea3fl£ atipn of the nmrf. 



The crude peptide could be purified by preparative ' 
"ring ClS-derivatized silica usino f reverse Phase HPLC 

-stru men , Using a 5 x 3^ c 3 *» 

a^eous buffer, uch as ^ ^ ^ »• appropriate 

Peptide (approximately 2 Q ra ms t WfI — tic acid, the crude 

■ ~ containin nc a7 ^ ^ * ^ ^ * Uted with 
ita.ning increasing amounts of acetonit-M. it t . 

monitored by analytical HPLC and thn. '"^ Fract, <"* 

^tred level of purity f>™, °° nta,nin9 the ■"*■* * th. 

P"my (> ?7 *) were combined and ,y Dph „i 2 e d . Fi na,l y , the 
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purified product was Converted to . fcs 

^sired salt form of an jon J^* * treatment with the 

Yield of purified peptide as acetate salt: 2.5 g. 




The data shown here are reff>rr«ri ► 

Molecular ^i^. 346 4 

Appearand; white powder 
■Amino arirf on^. 

£™™_§£id Theory 

Acv round 

1 ' 00 

reptide nnnh 0n j.. 73.50^ 
Peptide pnrit-y. 9^ 
Humidil-v - fi.5g 

^isop^panol: NH3 (1:1) purity 99%> Rf _. ^ 

Rafter £ ^ ™ ~* to the conditions 

accompanying drawings. in * of the 

Solvents: A = KH 2 P0 4 0.05 M 
B = 60% CH3CN + 40% A 

Gradient: from 0 to 10% B in 20 minutes 
Column: Ultrasphere ODS (ALtex) 
Sensitivity: 0.2 AUFS 
Wavelength: 210 nm 
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How rate: 1.5 ml/minute 
Minimum area: 10 



The data shown here are referrTTT^ 

. HolicylaMveight: 345.4 
^eearance: white povvder 
Amino acid an^j^. 

^2_§£id Theory 

As * 1.00 

Ar 9 1.00 

^ 1.00 



found 
0.94 
1.05 
1.02 



Peptide fnnf Bt . 8Qi5% 
Peptide purify. >9 go/o 

^i:r r r ;:r r ~ s * - — «. 

accompanying drawings: " in Fi 9 Ure 2 * the 

Events: A = NaH 2 PQ 4 25mM> 50nM 

B - H 2 0:MeCN M *' PH 3 '° Wlth H 3 p 0 4 

Colum T 30tO70%Binl0 ^es,Iinear • 
Column DeItapackcis qo 

Sensitivity: 0.2 AUFS 

Wavelength: 220 nm 
How rate: 0.7 ml/ minute 
Minimum area: 10 
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-« <" a seated 9 a« ic " '° Und '° 66 « 37-C for 3 

Th e capacity 0 f th _ , . 

C57Ri 015 "BL6 murine melannm. , Pulmonary 

A'9-^-Asp was ad minlsterecj ^ 
Fourteen days la^n n. 

™'ano„,a coionies. A «p /or the presence 

Whi, = " the eontrols 

500/mous B fk- an "umber of m .» . 

mouse, thu va , ue of metastases was 

173/ m ou s8 . « heated an imaIs , wnere J 

6/ administering 7 xl0 4 tumour 

2 COntr °' S - 21 - 6 - «** deer 1 t "T <* metastases ,„ 

"» ^peptide ArT^^T^f 

P t0 "**«» in_vi ££2 the 
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*«erentiation of ^ ^ 

™*» has oeen tested by evidencing",! 7^ T-c* 

CELL PREPARATION: 

SP,Mn ° eUs °' mice were used 

«• HIM bv cervical dilation e 3 °' """"" Mice 

^inced „ it h forceps in Z, TZ7° ^"^ - 

f L ". T- S =o t ,and). A suspension of 7" M ' Ut ' on (HBSS > (Sbco 
Ration tnrough a fine J « of s, ng ,e ceiie was obtained 

trough different, cent r if «U. (MNC) „ ere 

Tor 29 minutes at 450 g. 

A ^er 3 washes in HBSS MNir 

~ in 1» mediun^i ^ ~ d « ' *— "on ot 5x1q6 _ 
V " S <9™, SL Uu|s)j L- glutamine , ;* lement ^ « SSA (Conn F, 
««• (Sobering, Kiwortn, N^WTC £ " ^ ° f ^tamvcin 
— Wa Wlitywasovsr9 ; %i S ; t SA). T he causae used ' 

rypan Blue exclusion test. 

^V^ANT,^^ 

'wo hundred ul nf ° aY 
ea f 11 ot the spleen wwr> 

volume of the * r - suspension were mixpH 

the t ri p eptide djJ m lxed Wlth the sgme 

'he control cells wp™ ► required with TC 199 R c, ■ 

cens were treated with the Tr too „„ xyy -BSA medium, 
v-e .ncubated for u hours a[ ^ TC ' "—n. Ai, the ceIls 
* then wa shod twice W J ' hU ™' fi « ^sphere containing 
~ ca If serum Mu^^^™" 3 ' % 
Sa ™™«— a concentration J^n^ h <>" 

DIRECT IMMUNOr-LUORESCENCE 
"» expression of Thy 1 2 m « 

°' Yeda » supplied by 
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Technogenetics, S. Mauro Torino, I taly , a[ . M 

/ »ur ->u minutes at 4°C. 

After three washes in HBSS, the cells 

-ed ium and obseryed w . th ; LBltz C ^ WWe fended in the sarne 
epi-iJlumination. mat micr °scope equipped with 



At least 300 cells 



RESULTS: 



were counted in each evaluation. 



As shown in Table I below, the tripeptide Ara G, v a • 
^ ^ ^ -cent raC i 0n bein g 1Q ^ ran9 ' n9 ^ ' * *" 



JABLE I 



AHG-CLV-AS? 
Cbf.'CEMTRATIOri 

- Cug/T,l ) 



0.1 

1 

10 
100 
200 



10 
ICO 



KOUHS OF 
INCL'EATIO:/ 



3 

3 

3 

3 

3 

3 



IS 
13 
IS 



S TKY 1.2 * 



C£LLS 



22.0 

25.3 

27.1 

31.4 

29.4 . 

27.9 

17.0 
25.5 
21.7 



vasiat:o.v 



* 3.3 
+ 5.1 
+ 9.<l 
+ 7.£ 
* 5.S 



♦ J. 7 
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The resu lts, shown in Table II h*t« 

Arg-Gly-D-Asp are able f , ^ ^ r 9-GIy-Asp and 

activation. 56 PHA ~ lnd ^ed human T-] ymp hoc yt e 



TABLE II 
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The results, shown in Table III below, show that batH A o, 

Arg-Gly-D-Asp are bMp m • « Arg-Gly-Asp and 

Proliferation. * ™ ^ T- Iymphocyte 

TABLE HI 
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Effect on cell cycle 

Human T-Iymphocytes were Incubated for 72 honrc in m 

»«j .-u . hours ln the presence of PHA 

and the test tripeptides (1 pg/ml). DNA has th P n h 

ProPidium Iodide and ^ haV8 been ^.r^^; 

results are set out in Table IV below. eytometer. The 

TABLE IV 



I T - PHA 
I 

I I + Pr.n -t- 

! ARG-GLY-AS? 
I 

I T + PKA + 
I AP.G-LYS-AS? 
I 

I T + PHA + 
■ AP.G-LYS-GLU 



Go-Gl 



CELLS 



63.25 



57.69 



60.79 



55.15 



CELL PHASES 



% CELLS 



.1 

! 30.61 



-5.67 j 29.46 



-2.57 



30.63 



J • 

-7.21 ■ 23. 6<1 

r . 



-1.15 



+0.02 



-1.57 



G2 + M 



% CELLS ] 



6.02 | - j 
I 

I ! 

12.14 J +6.12 | 



9.J2 1 +3.4C- | 



14.35 J +S.33 j 



Go = resting cells 

Gl = interval between mitosis and DNA synthesis 
S = DNA synthesis 

G2 = interval between DNA synthesis and mytosis 
M - mytosis 
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the ease of BCGF). " <m the case <* 1.-2) or 72 hours (in, 

The supernatant were ejected, f iIteretf (Q 2 

presence of IL-2 or BCGF activitv . „ * m) a " d ™**"< 'or the 
eventrations to fresh T-l ymphocvte ;' " addi " 3 the "> « different 
pro„,erat ing ao tivity of th ^ " ° <™ -tured 8 ceiis. 

-P-«ve orowth footer, was " "» ~ the 

'"corporation, evaluated through 



3 H-thymidine 



The results *ow a marked eff 

P'Oduetion b y Ar g . Gly . Asp , s „. gh ^ <* *~th 'eetor 

h,3h " tha " *at obtained with Arg-U ys ^ ^ " Ar 9-^e-Giu, but 
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^Irnulation of . . 

u * I ®zm^ 

oas as m the previous 

T '° eI] purit y was a fa 0ve 950/ u 

Under J% ^ ^ 
-co mfainant IU1 / ; In "d* to obWate the tes - well as 

Unlt^mi. ^ CGen2yme ^ added at a ""^Phage* 

3 ^entration of 25 

^-a:! 06 "^ bMh f " - BCGF „ 
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EXAMPLE 4: T0XICOI npiCAL TRTAl g 
Arq-Giv-Asp 

The tripeptide Arg-G Iy .Asp shows an LD 50 greater than 1000 mg/ko i. p ,„ 
mice. r 



EXAMPLE ^ CLINICAI I wp 

The previous Examples } and 4 have shown that the tripaptides of the 
present .nvention are active inWtro as immunostimulating agents in both 

ZT\ eXPer ' mental ™ dels ' ««l JnjOtB - antimetastatic 

products , n Moratory animals, as well as being substantially devoid of 

Thus, it can be predicted very reasonably that they will be clinically useful 
» preventing metastases in patients undergoing surgical tumour removal, 
at the same time improving the immune defences of the patient thanKs to 
cneir immunostimulating properties. 

SALTS OF THF TRIPEPTrnr^ 

The above mentioned examples refer to the use of the acetate salts of the 
npepf des. However, it is poss.b.e to obtain analogous resets with other 
"to of organic and inorganic acids, such as, for example, their 
'"fluoroacetate, hydrochloride or sulfate salts. 
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CLAIMS 



A tripeptide of general formula: 

X - Gly - Y 



2 - An acetate, trifluoroacetate, hydrochloride or sulfas i, , 
tripeptide as defined in claim 1. ***** Sa,t ° f a 

A; 9 -aiy^ PePtide aCC ° rding t0 claim havin s — 

D-Arg-Gly-Asp 
Arg-Gly-D-Asp 
D-Arg-Gly-D-Asp 
and salts thereof. 

Lo f . A tr,PePtWe " ,0mUla Ar9 " G,y - ASP « ^-°*-°-A S p, =n d saU S 



5- A compound according t0 claim : as nereln 
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9. Use according to either of claims « and 7 for the Ion 

medicament for oral administration. 

10. A pharmaceutical composition comprising as active ingredient a 
compound according to any one of claims 1 to 5 .„ associafcion with , 
pharmaceutical carrier or excipient. 

11. A pharmaceutical composition according to claim 10 in a form 
suitable for parenteral administration. 

12. A pharmaceutical composition according to claim 10 in a form 
suitable for oral administration. 

13. Use of a tripeptide or a pharmaceutical^ acceptable salt thereof 
accords to any one of claims 1 to 4 for the preparation of a medicament 
or the treatment of a patient undergoing surgical tumour removal in order 
o prevent the formation of metastases and at the same time contribute to 

the improvement of the patient's immune condition. 

14. Use according to claim 13 of an acetate salt. 

15. Use according to claim 13 of a trifluoroacetate salt. 

16. Use according to claim 13 of a hydrochloride salt. 

17. Use according to claim 13 of a sulfate salt. 

18. A process for the preparation of a compound according to any one of 
claim. 1 to 5 which comprises: preparing t-butyloxycarbonyl-Gly-Asp 
dibenzyl ester, subsequently preparing the tribenzyloxycarbonyl-Arg-Gly- 
Asp benzyl ester, and subsequently catalytically hydrogenating the latter 
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latter ester to obtain the desired tripeptide or salt thereof. 

19. A process for the preparation of a compound according to any one 
of claims 1 to 5 substantially as herein described in any one of the 
examples. 



20. Use according to any one of claims 6 to 9 
disclosed. 



substantially as herein 



21. 



A composition according to any one of claims 10 to 12 substantially 
as herein disclosed. 



22. A process according to claim 18 substantially as herein disclosed. 

23 Each and every novel product, process, method, composition, 
feature and combination of features substantially as herein disclosed. 



' Mulup]e * w. * *L, atent ^ 



